Changes in the levels of arachidonic acid during ischemia in selectively vulnerable areas of the hip pocampus were studied in the rat brain, Since neurons in the CAl region are more vulnerable to ischemia than neu rons in the adjacent CA3 region, the release of arachi donic acid in these two regions was measured during de capitation ischemia of 4-to 12-min duration, The concen tration of free arachidonic acid increased with the duration of ischemia in both regions. However, the level
Neurons in the CAl area of the hippocampus have been shown to be selectively vulnerable to ischemia in gerbils (Kirino, 1982) and in rats (Pul sinelli et a!., 1982; Kirino et aI., 1984; Smith et a!., 1984; Blomqvist and Wieloch, 1985) . The extent of neuronal damage is dependent on the duration of ischemia. Co mpared with neurons in the CAl re gion, those in the CA3 region are relatively spared, although following extensive periods of ischemia the CA3 region is also severely affected (Smith et a!., 1984) .
Several authors have shown that cerebral isch emia is accompanied by a release of fatty acids, with arachidonic acid showing the largest relative increase (Bazan, 1970; Yoshida et aI., 1980; Rehn crona et aI., 1982) . Moreover, the levels of free fatty acids (FFAs) increase with increased duration of ischemia. Arachidonic acid has been suggested to play a role in the development of ischemic brain damage via oxidative mechanisms (Siesj6, 1981) .
was significantly higher in CAl than in CA3 after 8 and 12 min of ischemia. This difference in arachidonic acid ac cumulation may reflect differences between the regions in agonist-dependent phospholipid breakdown as well as calcium-dependent phospholipase activity. The impor tance for the development of neuronal necrosis is dis cussed. Key Words: Arachidonic acid release-CAI/CA3 regions-Cerebral ischemia-Hippocampus.
Since the concentration of free arachidonic acid is correlated with the duration of ischemia and also with the extent of neuronal damage as evaluated 1
week following the insult, we set out to investigate if two brain regions that suffer a similar ischemic insult, but display different neuronal vulnerability, differ in their levels of free arachidonic acid.
MATERIALS AND METHODS

Animals
Fed male Wistar-SPF rats (Mpllegaards Avlslabora torium, Copenhagen, Denmark) weighing 320-390 g were used in the study. For the 12 control rats, the following protocol was used. Each animal was anesthetized with halothane [0.7% in N20l02 (2: 1)] and a tracheostomy was performed. Muscle paralysis was achieved with tubocu rarine (0.6 mg) and the animal was mechanically venti lated with a small animal ventilator. A tail artery catheter (Intramedic PE-50; Clay-Adams, NJ, U.S.A.) was placed for blood pressure recording and blood sampling and a rectal thermometer was inserted to monitor body temper ature. The halothane was then discontinued and ventila tion was adjusted to maintain Pco2 near 35 mm Hg and P02 above 90 mm Hg. Body temperature was maintained near 37°C by use of a heating lamp. After a 25-to 30-min period, the brain was frozen in situ with lipid N2 ac cording to established procedures (Ponten et aI., 1973) , removed from the skull, and stored at -80°e.
In the three experimental groups, each containing 12 animals, ischemia of 4-, 8-, or 12-min duration was achieved by decapitation of the animal and incubation of the head at 37°C for the chosen number of minutes. At the end of this period, the brain was rapidly dissected from the skull and placed first in isopentane chilled to -50°C and then in liquid Nz. These brains were stored at -80°C until analysis.
Sampling and extraction techniques
Dissection of the CAl and CA3 hippocampal areas was done at -18°C as indicated in Fig. 1A . Tissues from the dorsal part of the hippocampus from both hemispheres of two rats were pooled in each sample, giving a combined average weight of 12.1 ± 0.5 and 8.9 ± 0.5 mg tissue in CAl and CA3 samples, respectively. All glassware used for tissue extraction and FFA analysis was washed in boiling detergent solution and rinsed prior to acid washing. The procedure was ended by several rinses in ultrapure water (Milli-Q; Millipore, Bedford, MA, U.S.A.) and spectrography-grade ethanol. All solvents used for extraction and FFA analysis were analytical grade. The tissue was extracted in 0.8 ml chloroform/ methanol (1:1 vol/vol), containing 3 ILg tricosanoic acid as internal standard, 20 ILg 2,6-di-tert-butyl-p-cresol (BHT) as an antioxidant, and 80 ILl water. Following ho mogenization in an all-glass tissue grinder (2 ml Te n- Photomicrograph of dorsal hippocampus from a rat sub jected to 10 min of incomplete ischemia (Smith et aI., 1984) followed by a 1-week recovery. The silver stain (Fink and Heimer, 1967) broeck; Kontes, Vineland, NJ, U.S.A.), the samples were left at room temperature for 1 h before centrifuga tion at 2,500 g. The tissue residue was extracted once more in 0.8 ml chloroform/methanol (3:1) containing 10 ILg BHT and 20 ILl water and then centrifuged before the extracts were combined. Six hundred microliters of 1% NaCI in 0.01 M HCI was added, and following centrifuga tion the upper layer was discarded. The lower layer was washed once with methanol/water (l: 1) and the chloro form phase evaporated under nitrogen.
Analytical techniques
The FFA fraction was obtained by thin layer chroma tography on 10 x IO-cm high performance thin layer chromatography plates with a 0.2-mm layer of Silica gel 60 (Merck, Darmstadt, ER.G.) using light petroleum/di ethyl ether/acetic acid (55:45:2 by vol) as the mobile phase. The fatty acids were esterified in 0.38 M sulfuric acid in methanolltoluene (1: I vollvol) as described by Akesson et al. (1970) . The fatty acid methyl esters were dissolved in decane and separated by capillary gas-liquid chromatography (Varian 3700; Zug, Switzerland) using on-column injection (SGE OCI-3; Victoria, Australia). A 30-m x 0.32-mm nonpolar, bonded phase column (Su perox; Alltech, Nazareth, Belgium) operated with a car rier gas (He) flow of 5 mllmin was used. Te mperature pro gramming from 185 to 225°C was employed to reduce analysis time, and fatty acid methyl esters were detected using a flame ionization detector operated at 235°C. A computing integrator (Varian CDS Ill) was used for peak area quantitation. One extraction blank per every five samples was run in parallel through the analytical proce dure.
Statistics
Statistical differences were evaluated using a paired Student t test. A p value of <0.05 was considered a sig nificant difference.
RESULTS
Selective neuronal necrosis following 10-min ischemia and I-week recovery is demonstrated in The control values of free arachidonic acid were , 1979) . A second phospholipid turnover route is spe cific for phosphatidylinositol, a lipid class rich in arachidonic acid (Michell, 1975) . Neurotransmitter and agonist-receptor interactions increase the turn over rate of this lipid cycle (Hawthorne and Pickard, 1979) , as well as the turnover of polyphos phoinositides (Berridge, 1984) . The activation of these pathways leads to the formation of diacyl glycerols that can be further metabolized to FFA and water-soluble products by lipases. In an ATP requiring reaction, the diacylglycerol is phosphory lated to phosphatidic acid, and a second energy-re quiring reaction converts phosphatidic acid to CDP-diacylglycerol, which then reacts with inositol to re-form phosphatidylinositol. As ischemia is prolonged, more damaged brain areas are gradually recruited, including the CA3 re gion (Smith et aI., 1984) . Since there is a contin uous increase in arachidonic acid accumulation with time of ischemia (Yoshida et aI., 1980; Rehn crona et aI., 1982) , it could be speculated that an ischemic threshold level of arachidonic acid is re quired for the induction of neuronal necrosis in the recirculation phase.
The pathological importance of the ischemia-in duced increase in free arachidonic acid remains to be established. The ischemic damage to the hippo campal pyramidal cells matures in the postischemic phase (Kirino, 1982) , suggesting that deleterious re actions take place during this period. It has been shown that arachidonic acid is oxidized after isch emia, probably leading to the formation of prosta glandins (Gaudet et aI. , 1980) and leukotrienes (Moskovitz et aI., 1984) or other oxidative reaction products (Yoshida et aI., 1980; Siesj6, 1981) . The arachidonic acid release during ischemia could thus act as a prooxidant in the recirculation phase.
